η Carinae may be the most massive and luminous star in the Galaxy and is suspected to be a massive, colliding wind binary system. The CHANDRA X-ray observatory has obtained a calibrated, high-resolution X-ray spectrum of the star uncontaminated by the nearby extended soft X-ray emisssion. Our 89 ksec CHANDRA observation with the High Energy Transmission Grating Spectrometer (HETGS) shows that the hot gas near the star is non-isothermal. The temperature distribution may represent the emission on either side of the colliding wind bow shock, effectively "resolving" the shock. The pre-shock wind velocities are ∼ 500 and ∼ 2000 km s −1 in our analysis, and these velocities are interpreted as the terminal velocities of the winds from η Carinae and from the hidden companion star. The abundances of Si and Fe are significantly nonsolar based on the strengths of the observed H-and He-like emission lines. The iron fluorescent line at 1.93Å, first detected by ASCA, is clearly resolved from the thermal iron line in the CHANDRA grating spectrum. The Fe fluorescent line is much weaker in our CHANDRA observation than in any of the ASCA spectra, and this variability may represent a real change in the circumstellar medium. The CHANDRA observation also provides the first high-time resolution lightcurve of the uncontaminated stellar emission from η Carinae and shows that there is no significant, coherent variability during the CHANDRA observation. The η Carinae CHANDRA grating spectrum is unlike recently published X-ray grating spectra of single massive stars in significant ways and is generally consistent with colliding wind emission in a massive binary.
Introduction
The superluminous star η Carinae has been observed by nearly every X-ray satellite flown. EINSTEIN observations (Seward et al. 1978; Seward and Chlebowski 1982; Chlebowski et al. 1984) first resolved the star's X-ray emission from the rest of the Carina Nebula and mapped out pointlike emission centered on the star and an elliptical X-ray ring around the star extending out to ∼ 15 ′′ . GINGA (Koyama et al. 1990 ) and BBXRT provided the first clear measures of the strong Fe K line indicative of thermal emission probably produced by shocked gas. ROSAT discovered the variable nature of the hard source (Corcoran et al. 1995) , while ASCA discovered ≥ 50× solar abundance of nitrogen (Tsuboi et al. 1997) in the outer homunculus and the presence of a fluorescent component to the Fe K emission . A 2-10 keV X-ray lightcurve obtained by RXTE (consisting typically of 1 observation per week since 1996) revealed small amplitude periodic flares with P = 85 days (Corcoran et al. 1997) and confirmed that the variability seen in 1992 by ROSAT recurred (Ishibashi et al. 1999; Corcoran et al. 2001 ) on the same 5.5 year period which fits the He I 10830Å line variability reported by Damineli (1996) . These recent X-ray measurements along with variations in the radio (Duncan et al. 1995) and near-IR (Damineli et al. 2000) all suggest that η Carinae may be the Galaxy's most massive binary system (Damineli, Conti and Lopes 1997; Corcoran et al. 2001) in which the hard X-ray emission is produced by shocked gas in the region where the wind from η Carinae collides with the wind from the companion star. An early observation of η Carinae by CHANDRA in September 1999 (Seward et al. 2001 ) provided the first image of the X-ray regions at a resolution of ≈ 1 ′′ , though, due to degradation produced by charged particle damage of the CCDs, this observation could not be precisely calibrated spectrally.
Here we report the first observation of η Carinae with the High Energy Transmission Grating Spectrometer (HETGS, Canizares et al. 2001, in preparation) on the CHANDRA X-ray observatory. The CHANDRA HETGS is well suited for observing the point-like hard emission from η Carinae for two reasons: 1) the spectral energy distribution of the emission fits nicely in the HETGS bandpass and 2) this emission is thought to be dominated by thermal processes which should produce strong line emission. Our deep (24.9 hour) observation of η Carinae with the HETGS provides the first spectrally-resolved measure of the emission line X-ray spectrum, allowing for the first time a detailed definition of the temperature distribution, density, and chemical abundance of the hot, unresolved emission from the star. In this preliminary report we discuss the overall spectral morphology of the unresolved X-ray emission, examine the emission line temperature and density diagnostics, and provide an uninterrupted lightcurve of the unresolved X-ray source over the length of the observation.
The Observation
The CHANDRA HETGS+ACIS-S observation of η Carinae was performed on 19 November 2000 -20 November 2000. The total exposure time of the observation was 89,546 seconds. The spacecraft roll was chosen so as to avoid contamination of the dispersed spectra by other bright Xray sources in the field. The data were cleaned and processed using the standard pipeline processing available at the CHANDRA X-ray Center. Images and spectra were extracted from the level 1.5 events using the CIAO analysis package.
The zero th -order image, color-coded by X-ray energy is shown in figure 1 . This image is similar to that previously published (Seward et al. 2001 ) though the energy calibration is better in the new image. In particular, the ACIS-S zero th -order image shows the soft emission surrounding the hard X-ray core, which is unresolved to ACIS at scales of ∼ 0.5 ′′ ≈ 10 16 cm ≈ 1000 AU. The X-ray flux in the soft "shell" is very non-uniform, bright in the south and west (near the "S-ridge" and the "W-condensations" in the outer debris field, Walborn, Blanco & Thackery 1978) and faint in the north and east. The hard, unresolved "core" appears to be surrounded by a halo of X-ray emission at moderate X-ray energies.
The X-ray Grating Spectrum of η Carinae
The ACIS-S image of the dispersed spectrum shows that the hard source is unresolved to CHANDRA; in particular, there is no observed dispersed spectrum from any other source of emission in the ACIS-S field aside from the unresolved, hard core source associated with η Carinae. We extracted the dispersed medium energy grating (MEG) and high energy grating (HEG) spectra from the X-ray event file using CIAO. Both plus and minus orders for the first, second and third order MEG and HEG source spectra were extracted, along with appropriate background spectra. Figure 2 shows the MEG +1 order spectrum, while figure 3 shows the HEG +1 order in the vicinity of the Fe K line. For the preliminary analysis presented here, we have not subtracted background from these spectra, but as can be seen from figure 3 background does not contribute significantly for λ < 8Å. The MEG and HEG spectra of η Carinae represent the first X-ray spectra of this star uncontaminated by extended soft emission. The MEG spectrum shows very little emission from the unresolved source below 1.5 keV (λ > 8.5Å) due to strong absorption. The MEG spectrum reveals a significant X-ray continuum in the 1 − 8Å range and the presence of strong line emission from lines of S XV-XVI, Si XIII-XIV, Mg XII, Ca XIX, and Fe K. Forbidden lines of S XV, Si XIII and Mg XII were detected. In the HEG spectrum, the Fe line region shows a thermal emission line produced by Fe XXV and a blend of fluorescent Fe I Kα 1 +Kα 2 lines centered at 1.94Å.
We attempted to fit the MEG spectrum with a combination of optically-thin thermal emission models. Such modelling describes the general shape of the MEG spectrum, but we needed at least two thermal components in order to match simultaneously the Si XIII and Si XIV line strengths in the 4.5Å < λ < 6Å range. This is the first time that multi-temperature emission has been attributed to the unresolved X-ray source near star. We held most chemical abundances at their solar values, but allowed the abundances of Si, S and Fe (all of which have strong lines in the X-ray spectrum) to vary. Figure 4 shows both the 1 and 2 temperature emission models which best fit the data. The parameters of the spectral models shown in Figure 4 are given in Table 1 . In each case the abundances are near solar for most elements, though in both the one component and two component fits the strengths of the Si, S, and Fe were non-solar: Si needs to be significantly overabundant (by about 30-40%), Fe is significantly underabundant, while S is slightly overabundant.
The He-like lines
The ratio of the intensity of the forbidden component to the intercombination component of the He-like lines (the f /i ratio) is a density diagnostic (Gabriel & Jordan 1969) , though the intensity of the forbidden line also may be decreased by photoexcitation (Kahn et al. 2001) . We fit the Si XIII, S XV and Fe XXV lines via the XSPEC spectral analysis software (Arnaud 1996) by first isolating the wavelength region around the line complex of interest and using gaussians to model the lines with inclusion of a power law component to describe the background. The fits are shown in figure 5 while the fit parameters are given in Table 1 . The intercombination lines for all three ions are weak and our spectral analysis only yields upper limits for the intensities of these lines. We measure f /i values of > 1.3 for Si XIII, > 2.0 for S XV and > 2.5 for Fe XXV. These values correspond to electron densities of < 10 14 cm −3 for Si XIII and < 10 15 cm −3 for S XV and Fe XXV.
The Fe Fluorescent line
We fit the Fe I fluorescent line from the HEG spectrum in XSPEC by isolating the Fe K region and using a single gaussian line plus power-law background component. The line parameters are given in Table 1 . The measured equivalent width of the line is only 39 eV, which is about half the value of the smallest equivalent width seen by ASCA (Corcoran et al. 2000) .
The X-ray Lightcurve
From the zeroth-order image on the S3 chip we extracted a lightcurve in a circular 5 ′′ diameter region centered on the unresolved source. We also extracted a background lightcurve from a source free circular region of diameter 17 ′′ centered just beyond the outer elliptical emission region surrounding the hard unresolved source. We used bins of 1000 seconds for both the source and background lightcurve extraction; this yielded about 200 gross source counts and about 10-20 background counts in each bin. The background subtracted X-ray lightcurve of the unresolved source for the duration of the CHANDRA observation is shown in figure 5 . This is the first uninterrupted lightcurve of the hard unresolved source spatially resolved from nearby contaminating emission. While there is some evidence for sporadic variability there is no evidence for coherent variations in the hard emission from the unresolved source during this observation.
Discussion
The observed HETGS spectrum is broadly consistent with X-ray emission produced by colliding winds in a binary system, where the X-ray emission arises in the bow shock around the companion star produced as the more powerful wind from η Carinae collides with the companion's weaker wind. In particular, the emission lines resolved by the HETGS spectra confirm that the X-ray emission is dominated by thermal processes (like shock heating). The He-like lines form in a region where the density is n e < 10 14 as indicated by the presence of strong forbidden emission. This can be contrasted with the newly published X-ray grating spectra of θ 1 Ori C (Schulz et al. 2000) , ζ Ori (Waldron & Cassinelli 2001 ) and ζ Pup (Kahn et al. 2001 ), all of which have lower f /i ratios, either indicative of high densities or high UV flux near the line forming region. The strength of the forbidden lines in the HETG spectra of η Carinae suggests that the line forming region is located far from the stellar photosphere, where wind densities and UV fluxes are low. In addition, the dominance of thermal processes in the CHANDRA energy range suggests that there is little or no contribution from non-thermal processes (which could be produced via inverse compton scattering of photospheric UV photons if Fermi acceleration of the electron population in the shock is important). This indicates that particle acceleration provides little emission in the 2-10 keV band, at least at the time of the HETGS observation.
In a colliding wind binary, the temperature of the shocked gas facing either star is kT (keV) ≈ 2.59µV 2 (see the eq. 51 in Usov (1992) ) where µ is the mean mass per particle and V is the stellar wind speed in 1000 km s −1 . For simplicity we assume µ ≈ 1, however this value may not be truly representative of the chemical composition of the wind of either η Carinae or its companion. We neglect the motion of the shock stagnation point due to the orbital motion of the stars, since orbital motion has a significant influence on the derived temperatures only when the stars are near periastron (and the stellar velocities are greatest). Our HETGS observation was obtained at phase φ = 0.60 according to the ephemeris of Corcoran et al. (2001) , i.e. just after apastron. The temperature distribution of the X-ray emission as measured by CHANDRA provides a measure of the pre-shock wind velocities for both stars. A naive interpretation of the multi-temperature emission revealed by the CHANDRA grating spectra is that the low temperature component represents shocked emission from the relatively slow wind of η Carinae, while the high temperature component is produced by the faster wind from the companion star. The temperatures we derive from the analysis of the MEG spectrum suggest velocities of ∼ 700 km s −1 and ∼ 1800 km s −1 . The speed of the wind from η Carinae is thought to be ∼ 500 km s −1 (Hillier et al. 2001) . This is sufficient to produce the kT ∼ 1.2 keV emission, but cannot produce the hotter emission revealed in the MEG spectrum.
In the colliding wind model, the bow shock is located at a distance of d/(1 + √ η) from η Carinae, where d is the separation of the two stars and η is the ratio of the wind momentum flux of the companion to that of η Carinae, i.e. η = (Ṁ c V c )/(Ṁ η V η ). At the phase of the CHANDRA observation, φ = 0.60, the two stars are separated by about 4 × 10 14 cm, using the ephemeris of Corcoran et al. (2001) . At this time the bow shock is about 2.5×10 14 cm from η Carinae, and about 1.5 × 10 14 cm from the companion. The density of the wind at a distance r from the photosphere is n =Ṁ /(4πr 2 V µm H ), whereṀ is the mass loss rate and V the wind velocity. UsingṀ = 10 −4 M ⊙ yr −1 and V ≈ 500 km s −1 (Hillier et al. 2001) , then the density of the wind from η Carinae at a distance of 2.5 × 10 14 cm is n ≈ 8 × 10 8 cm −3 , while the density of the companion's wind at a distance r = 1.5 × 10 14 cm from the companion is also about 10 8 cm −3 . The predicted densities are consistent with the upper limits derived from our analysis of the f /i line intensity ratios. However, if the actual density of the emission region is near the limit implied by the f /i ratios, this might indicate that the assumed wind momentum balance is not quite right.
The strength of the Fe fluorescent line is related to the column density of scattering material by EW ≈ 2.3N 24 keV, where EW is the equivalent width of the line in keV and N 24 the total column density of cold material in units of 10 24 cm −2 (Kallman 1995) . The ASCA spectra suggest that EW ≈ 4− 7N 24 for η Carinae outside of eclipse (Corcoran et al. 2000) . Thus at the time of the HETGS observation the equivalent width of the Fe fluorescent line implies N 24 ≈ 0.01 − 0.03, i.e. that the column density of cold material is N H ≈ 1 − 3 × 10 22 cm −2 . This value is in fair agreement with the value of N H = 5 × 10 22 derived from fitting the X-ray continuum in the MEG spectrum, suggesting that the same material which produces the X-ray absorption also is responsible for producing the Fe fluorescent emission.
Conclusions
We have presented here the first high energy grating spectrum of the supermassive star η Carinae. This grating spectrum shows strong line emission from H-like and He-like ions of S, Si, Mg, Ca, and Fe, and confirms the presence of the Fe fluorescent line discovered by ASCA, though the strength of this line is much lower than in any of the ASCA spectra, probably indicative of real changes in the scattering region. The forbidden lines of the He-like ions are strong and the intercombination lines weak, indicating that the line forming region is far from the stellar photosphere. These results are all very consistent with the current picture of η Carinae as a colliding wind binary. We expect that interesting variations in the X-ray spectrum will occur as the two stars approach periastron (which should next occur on June 20, 2003) . In particular, we expect that the strength of the forbidden lines will weaken near periastron, as the density in the X-ray region increases and as the UV photospheric flux in the line region intensifies. Additional HETGS observations as the stars approach periastron, especially in conjunction with UV spectroscopy, will provide unique and significant constraints on the orbital geometry, the strengths of the winds from both stars, and the evolutionary stages of the stellar components.
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